MAGNETIC RECORDING MEDIUM, MAGNETIC STORAGE DEVICE, RECORDING 
METHOD AND PRODUCTION OF MAGNETIC RECORDING MEDIUM 



Patent number 
Publication date: 
Inventor: 

Applicant: 
Classification: 
- international: 



JP2001 056924 
2001-02-27 

NOEL ABARA; OKAMOTO IWAO; MIZOSHITA 
YOSHIBUMI; YOSHIDA YUKI 

FUJITSU LTD 



G11B5/66; G11B5/851; H01F10/U; H01F10/16; 
G11B5/66; G11B5/84; H01F10/12; (IPC1-7): G11B5/66; 
G11B5/851; H01F10/14; H01F10/16 

- european: 

Application number: J P20000 107075 20000407 

numbers): JP20000107075 20000407; JP1 9990161 329 19990608 



C9 

m 

CD 



CD 
I— 

m 
o 

! 



Report a data error here 



Abstract of JP2001 056924 

PROBLEM TO BE SOLVED: To improve heat 
stability of the bits which are written, to reduce 
medium noise, and, therethrough, to enable 
highly reliable recording of high density by 
providing at least an exchange layer structure 
and a magnetic layer disposed thereon and 
composing the exchange layer structure of a 
ferromagnetic layer and a non-magnetic 
binding layer which is disposed upon the 
ferromagnetic layer and under the magnetic 
layer. SOLUTION: The ferromagnetic layer 7 
and the non-magnetic binding layer 8 
constitute the exchange layer structure. 
Thereupon, the magnetic layer 9 is laminated. 
In addition, a non-magnetic substrate 1, a first 
seed layer 2, an NiP layer 3, a second seed 
layer 4, a substrate layer 5, a non-magnetic 
intermediate layer 6, a protective layer 10 and 
a lubricating layer 11 are laminated in the 
order of sign. The ferromagnetic layer 7 is 
composed of Co, Ni, Fe, Co-alloy, Ni-alloy and 
Fe-alloy, etc., the non-magnetic layer 8 is 
composed of Ru, Rh, lr, Ru-alloy, Rh-alloy and 
Ir-alioy, etc., and the magnetic layer 9 is 
composed of Co or Co-alloy, etc., which 
includes CoCrTa, CoCrPt, CoCrPt-M. 
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[§»*i2] mettH^KcfNiettttji»sii»(ctt 
■ftw»«Hwc*s. 1**1 i mzoms^mm. 

[fSt*S3 ] ftfiB&JtBffllt*. Co, N i . Fe, N 
Fe^££. StfCoCrTa. CoCrP 
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[«*S8] sg£. 
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§m©£l^$j§©$8]5BttlB©8B 

fmtmtsm 1 ©£^$jt©&»i^©sa&ji#tt 
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m 2 ©2X^®^3i©5S?SttS©iSmM^14li^ 1 © 

$&m®]&®wmm<»mmm<k qb< . k» 1 a 

tt» 2 ©3^ys«ji©3iHS14B«i:i»K:?SWb^i*«S^ 

[n*i 1 2 ] a*9 1-11 ©i>-fn#> 1 ^iBts© 
mmmm^pa < tt> 1 od^^figmiBti 
[n*vi3] stet. 

WHR©±#KRtt fcftfcTtfsB & . 
10 ^^±KRW&ftgS3lWbil&?©8tMr , 5, * 

mmmiummomur , s, **?£±m9hs&ji 

fr£ fc* J: 9K. »»f4»«Ji©^i@»ib4BSI?©« 
«rMr o^if^i. Mr$*X (Mr, 5, -M r j 6 

[if *I 1 4 ] KW©WMIEffW*»£3 ttS fc 
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WWbilUK*tJ:5rt*(,>. 91*11 3-1 5©(,>T 

30 [fi**S17] «riB»l4Jl*jgrt©3fi»ttB«. St» 

K*tt*iiaja**f*, n*s i 3~ i 6©(r»rn* 1 
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[ir*ii8] 19*11 3-1 7©c>m*>nifst& 
s. 
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[0002] 
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TtfiBtt. C r X«C r &&&& 6& 9 , tt&HB. C 
o&££#>6&-S„ 

[ 0 0 0 3 ] m# y ■< X*fiMW 4*ffiB . ^* rfc* 20 
ffiliSntl,>5, MiH Okamoto et a 
I.. "Rigid Disk Medium For 
5Gbit/in' Recording", AB- 
3, Inter mag ' 96 Digests*, C 

6 9 3. 4 2 6-SfTtf, N i A 1 frhttZTWmzm^ 
£ t ftTt,> HK:. Ho s o e et a 
1., "Experimental Study o 30 
f Thermal Decay inHigh-De 
nsity Magnetic Recording 
Media", IEEE Trans. Magn. 
Vol.33. 1528(1997) T?«, C r T 

<omrmm\>t, mm<Dmnm^ULmmitR.^ 

CoCr«£^6fc*tttt»©CrflW*08!Stt. 40 
[0 004] WUM>ttWh3 < <tOSt»K 

mete & D-ci§tt-r t mm<t ttcxv^g 

Lu et al. , "Thermal 
Instability at 10 Gbit/in 
1 Magnetic Recording", IE 
EE Trans. Magn. Vol.30. 4 
23 0 (1 99 4) V\t, -lAW?*?*?! vi>U$ 
*I^-^ 3 >fCj;(3 > fI*siOnm-C40 0kf c i 50 
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[000 5] Abar ra e t a 1 . . "The 
rmal Stability of Narrow 
Track Bits in a 5 Gbit/in 
"Medium", IEEE Trans. Mag 
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i>. tC6&, 2 0Gbit/ in 1 J£Lk©IBMWnrc 
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it, He et al.. "High Speed S 
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rding Media", J. Magn. Ma 
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H. Richter, "Dynamic Coer 
civity Effects in Thin Fi 
lm Media". IEEE Trans. Mag 
n. Vol.34. 1 540 (1 99 7) tCfct>T 
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Xl>Z. 01*. tf. IKftKDAk i mo t o e t a 

I. . "MagneticRelaxation i 
n Thin Film Media as a Fu 
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J. Magn. Magn. Mater. (19 
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mmuKu v/ kB Tffl*siasi$©e*>!tcii 
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of Orientation Ratio on t 
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he "Dynamic Coercivity of 
Media for >15Gb it/ in' Rec 
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S&#6 O'C^iS* *££#£> St ££:£**£, #H 
JB*TC*4. Etc, ftft ( i i i ) «. lwtB©*n<Jf# 

sjzzmaz&xbts. x. m. o i o stttfr 

•oT. ttfM©llt«^3esc£fc#*6ti**s. 
«, ##&gftfct^ h©f*83ett*fli:U MWs ■< 

x^m, b , ttauei^©ttffiK«ig*«;&gr c £ 
*ubus«. e»^Rwa«ia«aift©i!ijs^%« 40 

[0 0 123 

[SS®*fl?ifcTS/c&©^gi3 ±&DMtt. 4>fc< £ 

mtzm, mtfmrnm* mmmt> mmm. 
& < fimte©m>iw&ae»*fT * sttsuEftflitt* x 50 
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[0 0 1 3 3 ±IB©HStt. S«£. ^S1S©±^{C|S: 

/f©SMr, 5, 4*-r*TflB»«ttJBi. BnFffiBSK 
tt«©±*KHW6*lJIHaEffc4IW©»Mr, * 
S±fflKttttJI £ *'pft < £ fc£t?fiBttJI8lig£ £ 

^ffii«j»rt©i^rs?s»i4Ji©fiWb^]*5 

B<om*Mr SttZt, Mr (Mr, -M 

[00143 ±i3©sstt> ±ia©^rn^©^©sa 

«E««ft*iJ>tt < £ fo 1 o$*fcfi£JSfBtf.ggK: J: -> 
TtJtffiT**. *«WtcJ:ti«. h 
©flSSEtttfiLhU WtM-fXfcffiKU 
#©ttttKIH»*ai«- C £ ft < (t«tt©W^WffiK 

[00153 ±ie©^s«, mm=kmmncm%^mm 
j««fi*«wrj"*ifttc. mt-tifowjx.wfx&m®!. 

©3M8IBH©9 fc. 4>&< £& 1 ^©3S5614Ji©?S{b^ 
[0 0 1 63 ±fB©^®«> K«£, Ti&»£®teJf flf 

a*#r*«jwE»«M*©«a3WS'c*or. ^Ttan 

±KttV6ttiKBnBft£llli©fRMr , 5, *WTST 
HBSlBttli £ > «rrffl!iaMBffll©±*«:R» 

<ifc*tfi*«c. l?[iSttJi«jirt©l?!^-r-55SfiaeJi 
©WfemSi*JWK¥tf £ 4<fc 9 «:> gattJilf it©«g 
SISm£Jii»©S ; &Mr ££-$-££. Mr^S (M 

r. s,-Mr, s ( ) zm&.*z®mnm&*&!& 
mim&wmmmc* ^x $>mxi* h . 

[0 0 173 
[00 183 

[0 0 1 93 Si>«:swr**«f HKi* 

#r*«»©Ji*ffli»*t©T:**. ffULtx. s. s. 

P. Parkin. "Systematic Va 
riation of the Strength a 
nd Oscillation Period of 
Indirect Magnetic Exchang 
e Coupling though the 3d. 

4d. and 5d Transition Me 
tals". Phys. Rev. Lett. V 
ol.6 7. 35 9 8 (1 99 1) Kfc^Ttt, R 
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*co. Fe, uim<D®m®£mifi&mtix\,> 

*. ffi. *BttffF*5. 70 1, 2 2 3#&«Ctt, 

•fe>if©££{b©fc©K:. ±E©*n*ii*«it8nfce 
- > 4 ffli >* * f :/#ii?g § *rc t » * . 

[0 0 2 0] 2-3©*»»»©nfcKtt6ftfcRuXtt 

r h a*«b£©m***? **£, «fift&i©?a{b^isi 

m*>bitzm&D®£. msLmm#o&m*y4 io 
xtt, «?«s«ciiaa«jJS:^»%R«^ c i ft < if jras # 

ttLTtt. im88$j|1f&©TtCv aWMMROTBfb 
£l6j©JI*HK:8:W*c4r, 1 oolite J: *R**tr 
*>$fC £#?#*. C©*£*. WM3HIft*>6ff£ 
S*i 8 mo, HaM&^HfcS**!* 
§tt*c£#rt*. ft-,?. &£5£1$©m>g*&$ 

[002 1] *&HJ§tt, ffit£S*ffe©»$14Jf ij£©fiB 20 

&££(,>* cite* 9, h©M«£tt 
*|S]±3tt*. 9NH^Xt^7xyflBH&ta». £ 

0. Ji^fB^ft©J»^tt©14fi6%lSl±3 

c o o 2 2 3 a n*. 4&nfcft*8*UBftjitt©* 1 

HJ6ffl©gSI!£^-f»rffi|g|-e$>S. ttjRKaNKftt*. # 
WMW1. »1©!/-KM2. NiPJi3. »2©J' 30 
-FB4. TOJ15. #ntt4>m«6. &GB14B7, » 
«tt«S^B8. 551419, fiVOU O&CflmMl 1 
**. HlKwTJ:9fcc©JIW5TSWSnte«tt**r 

[0 0233 1 «> A 1 , A 1 

Xtt#5*rt>6ft*. c©#sai4Stgi«, ****** 

aaafcisstix <,>?*>, $&3ftTu&<-cfc&K mi 

©f- F«2». «F(ClK»tt»« 1 ##9X*»6fc*» 
£KW. ffl*«N i Prt>6>fc*. NiPJ§3«, ^J>;* 

<Tt*>. SS2©*>-FJB4«. T«6B5{CNiA 

1 . F e A 1 If ©B 2 *&©^£fiHvfcJI6©TJMI 
5© (0 0 1 ) WXJit (112) B©I2lSjSr.l^$?(CT* 
fc©fc8W6*Vt(,>*. *2©5/-FJi4Wt, JH1©5^ 

[00243 a^BB^ftiWimf 5 ^ **©»£. #«. 

ttssixttN i p@3(cjs3n2.7 t i'x^+«ia«« 

[0 02 5 3 ^fiBH4*^@6«, 5SH4H9©ih-^*^ 50 
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t^S». tt**Mf*©jfel\ &CflftU8M*lf*©IBIft 
®4 WftSKft-, fcfiBH&Jg 9 ©J|#ttM (WkSa 
N) ©EWl*fljir*A:©«:R»6*iT(,>4. C©#» 
tt*lfflJB6tt. CoCr-M^©hcpfl»J6*WT4^ 
£*>6tt9. 1^5nm©«ilcaBt8nfclW**r 
*. Ctf. M=B, Mo. Nb, Ta. WXltChb 

[0 02 6 3 KttttH7H:. Co, Ni, Fe, CoS 
£&. NiX6& Fe^f^ft*. ogf), C 
oCrTa. CoCrPt, C o C r P t - M££tf C 
o»AA*. OSBflM 7 fcJBt,»$e 
"C. M= B, Mo, Nb. Ta, WX«Cft6©££?* 
**. C©3£?ittJf 7«, 2~1 0nm©f5fflKi§£3 
tlfcl&ISrW-f*. #tttt&&M8U. Ru. Rh, I 
r, Ru&£&, Rhf^A I r&£&*&»6&*. 
m«, C©#®tt*S£H8«:. 0. 4-1. Onm© 

«HK:as*ftwwi**u &to<ttmo. 6- 

0. 8nm©IUt**r«. #0ffl£lteJI8©ltJ**C 
©J:^ft«HtcflBir*C4{cJ:0. &fiBtt)S7&tfaB 

[002 7 }fiB14Jl9«, CoXBCoCrTa, Co 
CrPt, CoC r P t- MfcdtrC o%$&V*>6ft 
*. CCf, M=B. Mo. Nb. Ta. WX«C*1i=> 
©£&"C&*. tt&JI9<*> 5~30nm©ffiH«:SS 

snfciw*w-r*. ^g&. «ffin9tt. hhmni© 

fc©KPWe3*vj*. £Jl«gfr6ft*1tJ£-e*o-Cfcll 
[0 0 2 8 3 ffiBfl 1 Ott. «*ttC*>6ft*. X, 

nmi n*. a»0EiMift*wiH3:^e>^A^» f 

«WW*6tt4. «SH 1 0ROW1B 1 1 «> fi&^iBlS 

^f*±©«ajf«it*^f * . 

[0 02 9 3 $MttS©Ttctttt64i*MHttt. «7 

wai«:wrfe©iciiMEsnai>. t«6»5 

W. CrXttCrS^^^ftO. »SlJb{C5-4 0 
nm©SH(C»e3nftJW(C^L, ^g%B#JS«. 
C©J: 9 %Tfl&Jl 5 ±KR»T 6Al». 
[0 0 3 0 3 *K. *«WKJ&S58ae$ijiflt©02|| 

[ 0 0 3 1 3 02 tt, ^Q9K«c«»MElMKflc©fll2 

njs^j©ssp*^-r»fffiiar*.5„ pis^, hi&bi- 

[00323 C©S8^sBHiJift©^2 jU6Wr«, SSI 

tt^^i8. 8- \JkV2-?<»mmmi . 7- i*>6 

ft*. C©J:9ft«Jft*m»*C4KJ:»). 2o©#« 
tt^^B8. 8- l©S8fbtt. «f419©-W*lT%* 

•rc4ft<, a«,»jcjT%»L^9©r. DSWBfbKcfA 

#^i&^f*C4*JlItl<bft*„ £©*§*. «ttJ19© 
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coo3 3]^«ffii7- n*. mmmitmmm 
*4a>e>ft9, mmt>®mm7 tmmvmwicm&zin 

S. X. 8- IB. #»ttltej|8&|Rltt 

©tfl*&» 6 ft 0 . JRJ9 fc#8K4J&£« 8 i HttfcDJGHtc 
SSfiBttB7. 7- lffflrB. cttESggRtt 

[0034] tMMTCI*. 8t«14JB7- 1 ©iSMM^ 

w»u ®i»ttJi7- i ©it^ttttt, 
KKjeshTi>rba^. SB. 3fcfiBttB7©fiBmit:fr 

&#-?-©±T©J19 . 7 - 1 J; rj t»||»nttft(r». 
[ 0 0 3 5 ] X. iWTOMfciUfcatt, 

s&sffli 7 - 1 <ommm.it tmmcom* o < § 

[0 0 3 63 H3tt. Si«R±K»«SnW»»10 20 
nmCD#-©C o P t A01Irtttft&S*OTria?ft 
S. 03*. ttM«IHb (emu) , MNttfiUft (0 

e) *^t. '&*<DBm>®mmt. H3K^-r*pt# 

[ 0 0 3 7 ] 0 4 B. ±fil BBffitt©** 1 Hife0!l©*n 
<. RfftfO. 8nm©Rul-r^Si3nfc2-50Co 

pt»©Biw«»i9tt4*-riaT**. i4«, km» 

^g^fc (Gauss), fflfttigttft (Oe)** 

7 S5l»ffi|g^*l»4 UT t» 4 C t ifihfr 30 

S. H5». mmWl . 4nm©Ru»"Ca«Sftfc2 

*. wmnmsmb (emu), «*B«5fc*j (oe> 

[0 038] B6B, ±e$2£3IHn©$il< . )$»# 
0. 8nm©RuBr#fKSttfc2o©CoCrPtll 

©ffirtfia^^tt^mfia-c&So B6*. «M«»ins 

jb (emu/ c c) , m\tmtti (Oe) Zmt. m 

[0 039] B 3&t>'B4 J: *) . £&»ffit*KttS C 
£«:£»). K¥f5tt£*ff6ft4e X. B 

m±^m & commit, R¥fT*S£*84fc«t>«ctt. *y 

*b<tt0. 4~0. 9nm©t5B&£®3£3ftS. 

[0040] fito-r. ami^i*©^ 1 Rvmzwfe 
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»±©»tt»©*Wttiiflirrs#. wa&ftBBi4Ji©Ji/f 

ttRfls*ric|»< T**or. J¥^®ftTBif 6*iftt,> 

m.zn, i-3, sfessi4©isj±3nfc»«iB«at#* 

[ 0 0 4 1 ] $^{CftS^fBtt!g«©-gJ6 
«*. H7RWa8£#«:ift!W-ra. 07B. ttSOBtt 
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^tts»©-^w©§wp*>iOTB!H"c* a . 
[0042] 0 7RO-0 8 (c^-r <t 9 «c. fiamia«sg 

\S*M>^¥>V\ 3*>6ft*. **)Vyit\ZftK. 
B. *-*i4. >v/15. ttttDS*WJft«tt 1 8 . 
ttfc©BJOT&"t9 F 1 7 . tl»©*^>^a > 1 
8. 1ggfc©7-Al 9&&7**aX-*a£.9 h2 0 
#Rtt6<va>*. »£UBAftK#lB», *-3»14K 

£^7 F 1 7B, MR^? F^GMR^? ^©W^ 
» F fc. •OWf^^!! F9©B»^ » Pi*64 
5. «B»B*^» Fl 7 It. #fl?T4T-Al 9©5fe 

7-A1 9«Tf h20«C<fc9!g»$ 

ti*. c©ji^faitga©»2(s:«i)SSf*BJi»]r-S)»3 t 

[0043] ^BttSS©**««. ?SmiB^«: 
1 6tc#m#ifcS. §«EmiE^^i*l 6(4. GIRO'S 

»2Wfc«©«ji*^rr*. ^ife. ismiB^jgi^i 6© 

SHSSttiCRCdtlf. lttrfe. 2«CXtt4tJt«±T 
[0044] «iWBttSS©»*«^B. 0 7 RCMI 8 

[0045]^K, *»PJ©E&4fHt*. 3^S@^jS 

$ ft i^©s8«f3ss^ t cotm-cwimtz. m 
T<omv\t> mmm&cmmm&vmm b. ^ 

[0 046] H9B. ^f7^±©N i A ll©±KCo 
CrPt B*^ft4B*l 1 JraftStifcflBKRIBfttt^© 
Brt^bffi^^TK-ra-C**. p)S*. tSMOttfbM 

(emu/cc) > MMttSffH (Oe) 4^"r„ 15)0 
K*rM-Hft*i|BJ«©M-Hfi||a». N i P«%$ 
§nytA 1 »B(tt>»#5X»R±©C r Tift)l©±K: 

[0047] ffi^. B 1 0B. N i PtffcffdftfcA 1 
-MgS^±{C. ^Jf*50 .8 nm©RuB"C^StSn 
fcCoCrPt B*60c5 2o©fSSBEttH**^< » * V 



(7) 

U. 

**. H0*. ttMKWbM (emu/cc) . ®Mt 

'mnn (oe) 00*»?.*>t>*s«fc j 5tc > rn.it 
m««??h#h= 5 o o o evmavsMKmpb. m 

1 0 0 0 O e <D$8m£mft®&&imbX^Z. H = 
OrOSWtMOfiTtt, SWU^DflPatW^tftl,* 

[0048] JM&&©fcfeCDR u ©SiSJgJStt. S6&# 
^©*&6-r. *bT>**>K£ (s p i n stan 
d me t hod) (C^r ft*. <&$£?© 10 

Mr SKZtiWW&Z&Zmmwt. CC 
T. MrSttCoCrPtB®, IP*. &&»&*£©& 

»ffii©giafflMfcMr iw$ai&su?$©«*5Vf. 20 

©CoCrPt BMOmmi-'e.KUttlfihR uJf © 

ics-c&Tf*. RuJI©ft»HC«. BBffiltSji© 

5 0 •CeihOWSrSatetiSC oCrPt &£&©« 
£\ Rul©MJI##jO .4-1 .0nm©©lrt-C*5 

20 

[ 0 0 4 9 ] H 1 1 W. N i P^fliStifcA 1 SftLh 
K, RuJir#8f3ft/cCoCrPtB*>6&&2o© 

T0?*£. IH0*. KMKftfcM (emu/cc), 
flMiifllJlH (Oe) £7jVf. HBti. MR«5l,>:£© 
Il©CoCr P t BJf©l£JI#8nm'C£>'). Ru® 

oCrPt BH©J8IJ»#2 0 n mTN&.*>i§£*7jVr. 
[0050] t©i©£, S^fi»#-C»S¥tf*S^II 

^as¥tf»&»»6ti-r. x. 9 1 Rvmz ©c o c 
r p t Ba©^fc*^^ga<j«:i5it;^r6j-c*sfcS)^ 

fer, J8i©coC 

rPtBJB©fiHB*Hc*|fel>S-tt*!jW*J*»J. Cft 

K«:» i ©c o c r p t Bm<Dmm<Dm!>jumw:ii 

c ©$^£#5 i 5 frifij£©£;B# ! ftST& So C o C 
r P tm©*W©*§£> «#«ji^C rSMKP/X 

[ 0 0 5 1 ] 0 1 2 tt. N i P#*£ft<**lfcA 1 S«± 
Kv tl»*CoCr PtBII*JRulg'C#jif;*ftfc3-? 40 
©C o C r P t B?S5ai4Ji*J19:W6n/tfi^§a^«ft© 

iW8i(tiiii«*flvriar*4. us*. Mm»BHbM 

(emu/cc) . fflfttittffH (Oe) 1510 
«. S«(Cjfit,>;£©$fr 1 RtfgJ2 ©C o C r P t Bl© 
if^6nmf*»), -#±©»3©CoCrPt 
BJI©|gJI#2 OnmTNfcO. & l&t>'3i2©C o C r 
P t B»©m©Ru»Rtf*2»Cfl»3«!>C 0 C r P t 
BJg©ffl©Ru)g©KJPj&J5*c<7 0 .8 nm-CabSlS^ 
tK3\ C©t§£. WkM«]l^H^H=5 0 0<Diffi2-C 
fiTU. 9l~03©CoCrPtBil©UTh*>©Sfi 50 
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{bWE»*rKKt,fcc£*ift-r. KflawsiEt/fc© 
tt. R*©gS2©C oCrPt Bmvb2>altim&m 
(,>„ CtUi. K*©Sil2©CoCrPtBji#. 2o© 

-c. mmsmm\t, **©H2©c oc r p t bji© 

63&*JHc<fc'5 50 0Oei^. £C5#. ffit-^lSIf 
■C«, -#T©!& 1 ©C o C r P t B ■ftSfll.bKC&H 
ifa-lOOOOertt. -#±©93©CoCt 

p t BB©fiWb©**5siesn-ci^u„ »*i/<t*. 

-#T©SH 1 ©C o C t P t B@©?£Kb5S£«. tf y F 
rt©&&fmb^Tffi(,>88^-citac s^* x-ttft < , c 
namii-#T©9 i ©c o c r p t bvobukrcf 

<*«fc 'J - F/* -f h^S^T ffifi#£>.S. flft 
B$H i ^t&WWBWHKS* W 6 J: 0 $ 

®%Mmm#<DW&mi#m*ivm# (snr) s i 

s o/Nmtt. nfSfSttSi^Sti*. ft-oT. 
&J&&SNRS i s o/Nm&fflg&Htt(C&«tf9 h 
x-7-U-h (BER : tr? », iSTTSC 

[0 05 2)013 tt. N i A 1 imiGZtlfttfvZm 
fiLJbtC, RuM-e*Mi3*ifcCoCrPtB*»&&«2 

(emu/cc), ®f4«a#H (Oe) C© 
SSCCiat,^©C o C r P t BS©l»{b«. MR 

[0 05 3] H14«, NiAI«§nfc^7^1 
±EiBia©*tt-CC oCrPt B^6**^ 

-<mmmifimi h Kfc®smm#<DW\*mtm 
=&.gii3 tc^-r 2 o©fi»^s tife?SMttJi%irr * 
«»ta»«<*©fflrtfiBMfcft«itfc«Lr^i-H-c**. 

014*. tKMOflEKblvI (emu/c c) . 

H (Oe ) *7nT, 0 1 3 iCTjktWftWtmttmX' 

mim.mvTKT, aim m^im^m^u 

[ 0 0 5 4 ] F«<2-?©lltttttl4r*r«fiBMBIft 
Tfl?J©®lS14/i©Sarfb*5S|gt. K»hl*W)tt 

8i«*-©?it«ffiB4wr ««sti2»«ft©t^ t iai« 
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* [ 0 0 5 5 ] 0 1 5 tt. 2 -3©Sli?814JlRtf3 o©5S& 
ttl*WT*a««B««»«:*»»*fl|4W»*. £-© 

t,TmT0-C£>S. I3J0*. tSN»2 07 kfc it-; 

v-con&moxmm. (<ib), mfft«^w (s > 

BHKtoOT. OEPttJ&I# 1 0 n m©|i-© 

cocrPt bjkws- ^msmmwor-n . 

Onm©TlOSl©CoCr PtBJIi. 10 
HW#0 .Snn^RuSt, Ml¥#4 nm©±il©f& 
2©CoC r P t BH4>6ttS«MeM8tt®-f--*, 
□WttflWW* 1 0 n m©THB©» lOCoCrPtBI 
i. M/f^O.SnnKD^lORuMt. MJiaUnm 
(DlWZOCoCrPtBli, B(jf#0.8nm 
©!&2©RuJf£. Ji^*i4nm©±fIiJ©m3©CoC 
r P t BafrefcaaWUB*^©**-****^. 

^TittLfcfiSattjHcB^^BWtJiOttZ? ooo 
e-C*S. 01 5rt>6> bt>ti>Z> .fc^SC. 2 o©&58ttg 20 

[ 0 0 5 6 ] 0 1 6 tt. 2 o©;ft$££$;h/dB8&ffli£ 

Xmt®~C$>Z. 1510*. $WttSBKtM (emu/c 
c) . flMtZftffH (Oe) r-ZUSrxom 
ftSfiSO'C. 2 5 , C&O f 7 5 , C{COt,^-r„ sa^m 

g^jWE^aaiSfflfcfcfcoTiBadSft. 30 
- ?«©wiuBff)§{rcttfli s n imm&m*i>*>^ 

[oo57]gii7 016 tcjjk?qm.zm?z®%. 
Bi^©fiaaaj©fiK«s»tt**r0r**. 017 

ffiNBgfi&JHc (Oe). ASSISE Sftfcfig 
OC) *>W. X. y=-1 5. 47X+40 1 9. 7ft 
S^KCfcUT. y = Hc. x=SK?*S. fi&(C#t 
TS«Ba©SMtC*<5dHe/dTtt. dHc/dT = 

1 5 . 5 0 e rc-ct, 0 . £-©8s&fcijf **rr -saaatB 

««*©*** 9 fcfiK *-©««tt«*#r*SB»l 40 
iE^$ft©f^ftftdHc/dTffittl 6-1 70e/C 

^WMW*©*»3ti*:dHc/dT«*. StCfBSl 
flfc©^fc«fc 4 fc©T*5C 
[OO5 8]018tt. 20©3fflW*JIRtf30©*K 
ttl**r*fiMBE«IH*«:*»W*PW5 Ofl©£tttt 

ttft»uiwc4)(t 5 p w 5 0 m<mm&m<omiRv 
pws ofii (ns), wmte%mm<D?mmmm so 
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(nm) ifjKt. HHfcfcHT. ♦EPW#-©&aB14lf 

3 o««iaMS6 s titc&m&mfr h ft smmtammQ 

01 b<D?~*i#ib1d*&bR&Vt>&. 01 SV 
tt. £Bfl««tK»ofc9 s -*B. ffilUW^IttaJI 

♦SK^iSSoytti^©^-^*^. cn^©^-*** 

6 feto^ft J: 5 K. *fc*)©«HttjWWWSti. -fclHS 

^-©^sgttjf^^^ssmfESs^ft©? 1 -^ 
[0059] se-»T. Mt»j9©miKcm»tt#i&»w* 

SCittftO. tfttt. Tffl©»BBffiBJ&>6©{i#**ffl 

&3ft£a>e>ra9. it-©«ttttti«*r«ttMB« 

M»Ktt«Lt:*#StiteBia«MMtSNRS i s 0/ 
Nm*if#6;h£ cft*a#wctr»s. 20 

©sa»s^snfcai«M4iiac;*»«:«i»M r sffi^w 

tZmiMmM&QW£M1&# S N R S i o s/Nm 
tt. #-©5SSattS^^-r5SSmi^l«ft<bJtt5L-C# 
(C»#3hTt>*. C©<fcSft^KflB,»Mr 
2o©8»ttJf tfB&llDM r dflB**-r*«^«:fHir 
*4. X. 3o©£&f^3ftfc3£«fc^*W , r*»£t 
tB®&#©»£{Ctt. TM©*l©KttttJI©ltJf&X 
*©& 2 ©gtttt«©M*©n#. ±«©J» 3 ©?S»14 

*. c©j:5tt?»tt. *tt^©2jBHair<>jBc*ra 

*©3S*£*»LTl»ftl,». cntt. ^Nt^©21«ji 

©ti^. 2-3©)i©Mj?©sa©ia*^t)-a-tt > 20© 
®#mciui©i#£r*£*p>-cas. 

[0 0 6 0] 01 9tt, MfiiSJi^SNRS i s o/N 
m©««flWtfam*fltTB"e**. 1510*, imuia 
JESSiftSNRS i s o/Nm©»bAS i s o/Nm 

(dB) . ««itt?Slitt)S©W5S!lKJ¥ (nm) £^TT. 
X. WBlC*»l>r. ♦BP. BEPS^AEPtt. ^^018 
©«^i Htt* 3 «H©ttS«3ttllf*©5 t -' * 
01 9*>6fe*>^4J:^«:. (g^Mr Sfil^Wr-52-P 

©^«se^ $ txtdmmfr h «c s?Ma^*©^ 
sftfc. c©Jt^©5Siai4ii©^)imtt, m-©?sai4 

■*6tt*«WIBIWi»©iil*«l:0^*<tt*«>©©. 
[006 1 ] *^W#6tt. fiBH4Ji#JSrt©iS>* < £ *> 



15 

m#2 3 a t%&±<oc T^m^mvxc r^mtfi 

©fti'B. y>fXfc3&T±§l©JI*> *>©«>©£ ft «3, 

s n r c i *iojtii at 

[0 062] $f6WfcftS^iBS^tt©&3SlSit0l 

[0 063]ojt),f3 h&w-cb, fiamiB^ft 

±KRtf 6ti. 4>ft < £ *>SiS»ft<!:l£/¥©aiM r , 5 
. *#r*T«J3»BEttBi. TflW&»ttJB©±#fcKW 

6tim%M<i.tmm<DmMT , a> *mr&±mm& 
wmmmmiumnmzMr a itz>t> Mr s 

^Z(Mr, 5,-Mri 5i ) £$JST£#j££ft-o 
rt^s. cct, »i , »i tt, **W$S!)ftl®»i 
&ftf t£#-cts. 

[0064] ISmtB&Sifttt, SWdlSIIIEflfflt 

iS^jo .4~ i .o nmvmmzm-rmmt urfefii*. 

X. C©#flBtefii£JB«. Ru. Rh, I r . C u, C 
rRUCtx 6©£££^tf #>l>- ZMIRS tlfcWW 

[006 5] SgUfaMlKftiCfcl*?. fflBKttntt&ft 
©&5t«BttJI«, Co, Fe, Ni. CoCrTa, C 
oCrPt-. C oC r P t -M*>6ft2W-^M 
W3tifctm*6ft»). M = B, Cu. Mo. Nb, T 

a. wRcxcn6©^-c*o-cfea^. iriBatt 

JI18fil*3©4>ft < i 6 1 o©?gfi&ttJI«. El»«C«H* L 
Tfc 0 ®®ttte£3 ftfcjgg!t©&?&t!feJf #> 6 ft 4f»ar 
*oT fl!rfBi&1^#jgrt©±fflJ&®ttM©M r 

, a i iSttB»grt©ffi©?S»tt®©^SWt£ 
jm©Sct«)^t^filRS<bi/r*>at^ net. greattt 
MfSrtottKttiit*. st>tc»ft4ttfiR*wra«MR 

[0066] is«fa&$ft©!ii3 ^jfe^gtc . Rfli 

©M r am*G?Z> i*«:#-©«tt»XI«PMf ft» 
^©^©flHttli^feftSffl^K^ISftith^Si, * 
lr«g^flaaWltt«aBW*SNRS i s o/Nm* 
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f#*C X. KflKMfft^SJfcltfllCJ; 

fttf, PI«©IIJglS©«ttJl*W-r4««f3«i«i#<tJ:k 
^Si, <fc9/NSftPW5 0tt*»«5Ct#r*S. 

[ o o e 7 ] Etc, msmmtoomaimm&i 

¥frftWt<0!»ll©«tt»*6ft*«SUE«WE»4tb^ 
Si. /hSftdHoVdTtt*»*Ci#T#*. 
[006 8] X. HI 6 ROTS 1 7KzW**f->f 
8&«iB&8K*©?& 3 ISMfll-Cfc £ ft * &8Btt*££ 
10 fit, #M 0~ 1 5 0*CO«Hfc*«r»'e-HW»< . E. 

[ 0 0 6 9 ] fcfc, *^W«:ft S^^©-H)Sig^^ 

[0070] AfmK». fli«'&fi8»W{ca«ia^«<* 

JclB»r*IB»^*©4*ft^I». ±iB$£WBS&&&© 

^3 nasfli© «fc 9 fc. nmiBfii^<*©?atta«3**«fi!E 
20 ^ * . d>ft < t *> i ^owmmvmtiytozwK) wz. 

[oo7i] *mKtezmmmmim&i3& 

[0072] ±BmBJ«ift©l>rtife©£^£ll 

nmm>ttxDmtim?ztwwc> c© 
30 i». ek, mwm-£%iEL<m&?2>tctoic^ mm 

[ 0 0 7 3 ] *CT\ BB»8E»««:©«iJi^©2|^IJfi 

*»«:»< r*-ftB©s8fi*^liBi-r**i&t?**. 

40 [ o o 7 4 ] $n; > {f&mwcm&-ei>. *<J 1 n 

i#KU>. *«W#6©H»$S*{cJ:*i > C©J;9 
ft#flttcm»Ji©*-ft«fi%fi!KT*«:B:. 
•;>^2S€r0. 3 5nm/s«T«:iS^T-6Ci*s» 

[ o o 7 5 ] x. ^ >; >^©^E*^-r^-5 

£. JB^BKW-4«IB©»lB*J}9!feSh^-ri». ft*, 
x^- 9 $ <; >^i^©*r^E*5(gnf 4 i, ^^ftT-? 
Xvcc^o^Jlc^g^^j-tcft-sru^^o *SI 
50 #6©^ig*{C < fc4£ > ^jiy^OjtfXEE 
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«. «5mTo r rfcR5gf5t 4#tf* tA»C4iWI 
fSSftfc. 

' [ 0 0 7 6 ] JgJC. * »; >?©|g©»6SgfcS 

jS<i:T£c4#.i®r£>£„ 4. « 

©Hfssssc j: 5 1 . 9*v> 9®®mimmz> 

til 0 0-3 0 0T:©*HrtKWer.&C 4 ififf* U> 

ctiwiBStifc. io 

[ 0 0 7 7 ] B 2 0 tt. «^B^^^^ffi©*|US 
i ao*fto^/i » * y > t >/l 5 2 - 1 ~ 5 2 - 

$htc®gi.&mM#<DT>u- f*inb4t*. n. * 

[0 078] S&Sia-r-f ^/Txn-f^ 

r^j i o o ~ 3 o o 'c<Dmm.mK.mmnz. jwc. 

Wyf;>^t^5 2- 1-5 2-9«:J:0jti^ 
D C X»- ? * y > ififim>K StfLhCCtXJRJVtf 4 0 n 
m<DN i A 1H, MtB&2 OnmCDC rMoTtlfeJf, JR 

1 .5nm©CoCrtp|yjB, M«* J 4nm©Co 
CrPt BSMBttJI, mmWO . 8 n m<DR u#»t&& 
JRJ* #4 n m<DC oCrPt BSgBftflL KJ?# 
0.8nm©Ru#flSttKrgJ|> CoCrPtBSSttB 30 

[0 07 9] ^»jn;>^ + >/X5 2-l~5 2- 
9rt©#XE«. ^5mTo r rfcKjeSti*. X. * 

5 2-7 tCfetfSXrC 
»*y>^a*tt, tiO. 3 5nm/s«Ti, ffc©* 
^ » £ y > 99 * >^<{c*»tt4 » * y > j: o 
iI<t95E3ft£. ft. «r»X^?^>;>^jKjK». 04* 
ffl20K^^'J>yft >A5 2-5. 5 2-7 

-V* Ytwmvmkmmz&zct-cmiv* 40 
s. 

[ o o 8 o ] m 2 1 », 

pp), mmtm&mvmyimm (nm> bib 

#OTflW*»»£A,r. GMR*>>? FKJ: 
CO 0 8 1] 02 2». «JRttSNR©BStt»tt«m 50 
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■rm-c&z. mm<p> tHMmjiagsNR ub) . m 
oo*c©i5[a^K:igs§ns4 > fit>»it*wr*Ji*j 

[008 2] B23«. BCHSaMtSNR4XA9*y 

!&g#SNRS i so/Nm (dB. fBtftf) , fRN« 
X>ivi?V>9m. (nm/s) tiRT, BBKm-r^ 

4nm©RuJB4^L. RuJf±tCCC 
[0 08 3] 12123*. JBLfiEi&ittSNRS i s o/N 

ttSNRK»rsffi*flitr*siva>*. WH*»&fc*> 

a>££J:5K:. Ru©x^>*y>^jltt#iiflrrf-5(c 
ont, Mfi&igftSNRS i s o/Nm*J{6T-r-5. 

cn». *»K»t>Ru«*«. if^*^3»*y>#sa 

Ru©Wv*';^at*0. 35nm/sJ;0I< 
**4. BUaHWtSNRSi so/Ni#, RuJi* 

nK j: o . ±iB©*p < ai»i$f±©iBjiueattft«imi- 

SKtt. Ru©X^t»dri;>^JMEtt, 0. 3 5nm/ 

sWT4-r4C4*iaS0t»C43WiBStlfe. 

[ 0 0 8 4 ] 6U:. ^ISWilUfi^K «fc 0 BMBUtaJJ. 

[008 5] OTic^iB-rs^Bj^fc-a^-r 

S4>©T*4. 

[008 6 ] (#131) ii>ife<i^io©3^H«|ii 

[0 08 7] (wib2) mi&mmmjsivmEmis 
mtBsaift. 

[0 08 8] (#133) mrSB^lSttStt. Co. N 
i. Fe, Ni3fi^*» FeS^, R^CoCrT 
a. CoCrPt, CoCrPt-M*£tfCo*£& 

B, Mo, Nb, Ta, W, C uXttC ft 6 ©££•?«> 
5. (ttiB 1 ) Xtt (i^B2 ) gBiS©fi8EmiB«i^*. 

[0 08 9] (#134) KfiB?Sifi5ttJi«. 2-10n 
m©S5Hrt-CjiS3ft?t)lI/i?rW-rS > (#131 ) ~ 

(#133 ) ©H-Tft* 1 3IiBt&©fiBlftg3fS{«f*. 

[0 09 0] (#135) BtrfB*«tt#S^JB«, Ru. 
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Rh/ I r. Ru&££, Rh&££. fttf I r&££ 

(#13 

- 1 ) ~. (#§34 > ©t>rn*> 1 qrao&HMBftm*. 

[0 09 1 ] <#IB6) 1OTB#ttttti&JI». 0. 4 

~i . onmcDKHrtrassnytBi/f^fs. (# 

IB 1 ) - <#IB 5 ) ©i»r*i*> 1 TOtlOttftlBiNft 
ft. 

[0 09 2] (#137) MEttttlll*. Co. StfC 
oCrTa. CoCrPt, C o C r P t - M*#t*C 

o&^frhttz#)i-7frhffl{$ftttvmi>>bii io 

•J. M= B, Mo. Nb. Ta. W. CuXttCft*?© 
5 . (#SB 1 > ~ (#13 6 ) ©^rn* 1 3113 
i8©88&t3SiyStt. 

[0093] (#13 8 ) mat . nawioijsrKKw 

■©Jb#fcRt*&ftrt»S. (#131 ) ~ (#137) © 
Hftifr 1 )SIB®©?imi2^ft. 

[0 0 9 4] (#139) tnSTflWitnES3MHX£ 
4©BHcKW6*iA:*SStt«flllIJl*ie«:«A. AMIS 
4>IHJI«. CoCr- M*>6tt£4tt'--7fr&jMR3ti 20 
fchcpflMto^&fri&fct). l~5nm©IBHrj§5£ 
SnfcBS/ffcWU M= B. Mo. Nb. Ta. WXK 
Ctt6©££r*>*. (#§38) fBiS©fiaiS§B&&#. 
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